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Theintegration of dissmilar materialsisakey issuein
design and fabrication of future devices. Also, intoday’'s
fast growing I11-V industry the need for larger substrates
becomes crucia for higher efficiency in high-volume
production. For InP the development of large aea
substrates has not been able to kegp up with market
demands. One way to circumvent this problem isto use
sili con substrates that are large-area low-cost, and
medhanicdly strongwith highthermal conductivity. In
additi on, sili con is transparent at the emisson wave-
lengths most often used in InP-based optoeledronics.
Unfortunately, the large lattice-mismatch, 8.1%, between
silicon and InP, has limited the successof heteroepitaxial
growth. In this gudy we therefore present InP-to-Si direct
wafer bonding.

Wafer bonding enables a cmpletely new freedom in
the design of components and systems, e.g. for high
performance optoeledronic integrated circuits (OEIC).
Althoughit has proved to be auseful and versatile todl,
the high temperature anneding that has been needed to
adhieve reliable properties sometimes hampersiits appli-
cability. We have recently shown that high temperature
annedinginduces svere material degradation. Therefore,
low temperature wafer bonding procedures may further
qualify thistechnology.

In thiswork, low temperature wafer bonding proce-
dures using oxygen plasma surface ativation have been
studied. A spedally designed fixture was adopted
enabling in situ oxygen plasmawafer bonding. Here, the
optimisation of the plasma parameters was $iown to be
the key to improved results: To optimise the InP-to-Si
wafer bonding, several surfacepre-treaments have been
evaluated. The surfaces were examined using AFM and
XPS. The bonded interfaces were evaluated using IR-
transmisson, bond-strength, and current-voltage
measurements. Hydrophili ¢ surfacetreament using
oxygen plasmawith corred plasma parameters makes
room temperature InP-to-Si bonding very spontaneous,
and resultsin high bond-strengths already after low-
temperature anneding. However, the oxygen plasma
credesthin surfaceoxides that increase the resistance of
the bonded junctions.

Alas, oxygen plasma asssted wafer bonding reliable
InP-to-Si integration was achieved aready at low temper-
ature, thereby circumventing the problems associated
with the lattice and thermal mismatch that exist between
these materials. As aresult, low temperature | nP-based
epitaxial layer transferringto Si is presented and
exemplified with working diodes. Finally, we will show
high-quality SiO, insulator layers on InP redised at low
temperatures with an equivalent process €heme.

It is concluded that low temperature oxygen plasma
assgsted wafer bonding is an interesting approach to
integrate dissmilar materials, for awide range of
applicaions.
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Fig. 1. IR-transmisson image of InP-to-Si wafer bdndng
after anneding at 570°C. Cradksin InP wafer are dealy
seen whereas the Si wafer remains intad.
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Fig. 2. Infrared transmisgon images of aroom
temperature bonded InP and sili con wafer pair after
oxygen plasma asssted wafer bondingin situ the reacor
(a), and after anneding at 200°C.

Fig. 3. y etched diode InP based LED mesasonaSi
wafer.



